In the present paper we studied the genetic diversity and genetic structure of five Norway spruce (Picea abies (L.) Karsten) natural populations situated in Serbia, belonging to the southern lineage of the species at the southern margin of the species distribution range. Four populations occur as disjunct populations on the outskirts of the Dinaric Alps mountain chain, whereas one is located at the edge of Balkan Mountain range and, therefore, can be considered as ecologically marginal due to drier climatic conditions occurring in this region. Due to the negative effect of biotic and abiotic stress factors, the sustainability of these populations is endangered, making conservation of their genetic resources one of the key measures of Norway spruce persistence in Serbia under climatic changes. The insight on genetic diversity and genetic structure of the studied spruce populations can provide the information required for the initiation of programs aimed at the conservation and utilization of spruce genetic resources at the rear edge of species environmental limits. Norway spruce genetic variation and population genetic structure were estimated using eight EST-SSR markers. The results showed that mean expected heterozygosity was 0.616 and allelic richness 10.22. Genetic differentiation among populations was low (F st = 0.007). No recent bottleneck effect or isolation by distance were detected. Bayesian clustering, obtained with STRUCTURE, grouped the populations into two genetic clusters, whereas UPGMA analysis distinguished three main groups approximately in line with the geographic area of occurrence. Based on the study results and the EUFORGEN Pan-European strategy for genetic conservation of forest trees, the establishment of additional dynamic gene conservation units must be considered in Serbia in order to protect the adaptive and neutral genetic diversity of the species.
Introduction
Norway spruce has a widespread natural distribution in Europe, spanning from the Balkan Peninsula and Italian Alps to Fennoscandia and European Russia [1, 2] . In Southern Europe, Norway spruce survived the last glacial maximum in several distinct refugia from which the colonization process took place through different independent postglacial colonization routes, leading to the notable structuring of genetic variation in this region [1, 3] . According to Ravazzi [4] , Norway spruce populations in the Balkan Peninsula are divided into several fragmented distribution areas, while Serbian populations belong to the Western Balkan Mountains group. This is only partially true, since the majority of spruce forests in Serbia occur as disjunct populations within the Dinaric Alps mountain chain, with only discrete populations located in the south-eastern part of Serbia (i.e., at the outskirts of the Balkan Mountain Range). Indeed, Tollefsrud et al. [1] revealed that spruce populations in Serbia are closely related to those from the Western and Eastern Alps, as well as northern Carpathians, implying a common origin. On the other hand, the same study revealed the West Carpathians and southwest Bulgarian mountains as additional refugia, which according to Latałowa and van der Knaap [5] might be the source of Norway spruce populations situated in south-eastern Serbia, some of the southernmost Norway spruce natural stands in Europe.
Norway spruce forests in Southern Europe are negatively affected by various stress factors (e.g., drought stress, forest fires, pest and diseases, etc.), which spruce usually encounter simultaneously or sequentially [6, 7] . Climatic change is projected to bring new challenges to spruce populations in this region due to predicted increase of air temperatures and altered precipitation patterns [8, 9] . For example, Keren et al. [9] noticed that warm and dry summers are frequently followed by bark beetle outbreaks, which in turn cause a notable spruce decline. Indeed, studying the parallel genetic diversity of Norway spruce and Pityogenes chalcographus at the southernmost borderline of their distribution range, Avtzis and Aravanopoulos [10] found a significantly higher genetic diversity for the same gene in spruce bark beetle compared to the host, which might, in turn, provide a better evolutionary potential for adaptation of the insect to altered environmental conditions. Furthermore, Stojanović et al. [11] reported that significant change of Norway spruce bioclimatic niche in Serbia might be expected by the end of 21st century.
The characterization of genetic diversity pattern at intra-and inter-population levels is a fundamental requirement for the establishment of programs aimed at conservation of forest genetic resources [12] . Population genetic diversity has a substantial effect on both individual fitness and population adaptive capacity [13] , thereby playing a vital role in ensuring species capability to withstand various biotic and abiotic stressors and evolve under altered environmental conditions [14] . Populations grown close to the southern edge of a species environmental limits may contain additional diversity due to adaptation to conditions that differ from those prevailing in the core of its distribution range. Therefore, genetic conservation of Norway spruce populations at the southern limit of the species distribution range is important at the European level as such populations can be used for securing stability and resilience of more northerly populations, through assisted gene flow [15] .
In order to characterize genetic diversity of Norway spruce populations in Serbia, we used expressed sequence tags microsatellite markers (EST-SSR). Although showing a lower polymorphism in spruce than genomic microsatellites (SSRs) [16] [17] [18] , the advantage of EST-SSR markers is that their polymorphism is associated with transcribed sequences, thus reflecting the variation in the expressed part of a genome [17, 18] . Likewise, linkage of EST-SSRs with coding sequences may be useful in identification of genes controlling certain phenotypic traits, as well as the study of stress related functional variation [19, 20] . For example, Fluch et al. [20] detected certain EST-SSR loci (e.g., locus Pa_51) in expressed genes which are considered to be extremely important in many physiological processes related to the response of plants to biotic and abiotic stress. Therefore, genetic diversity and population genetic structure of Norway spruce in Serbia have been estimated using eight EST-SSRs markers. The study included five populations covering the species natural distribution range, enabling the assessment of the overall genetic diversity of spruce in Serbia.
Materials and Methods

Plant Material and DNA Isolation
The study included five natural Norway spruce populations from Serbia (Table 1 ; Figure 1 ). In total 150 adult trees were analyzed (30 per population). Needles were collected from trees located at 30-50 m from each other. Total DNA extraction was carried out according to the ATMAB method [21] . 
The study included five natural Norway spruce populations from Serbia (Table 1 ; Figure 1 ). In total 150 adult trees were analyzed (30 per population). Needles were collected from trees located at 30-50 m from each other. Total DNA extraction was carried out according to the ATMAB method [21] . Table 1 . The blue area represents the natural distribution range of Norway spruce (after: Skrøppa [22] ). Table 1 . The blue area represents the natural distribution range of Norway spruce (after: Skrøppa [22] ).
EST-SSR Data Analysis
We used eight fluorescent EST-SSR primer pairs from the spruce Genome British Columbia expressed sequence tag-simple sequence repeats (EST-SSRs) according to Rungis et al. [16] and Fluch et al. [20] (Table 2 ). All primers were combined into three multiplex sets: set 1 consisted of WS00716.F13, WS0092.M15, and WS0022.B15; set 2 comprised WS0073.H08 and WS00111.K13; and set 3 contained WS0023.B03, Pa44, and Pa51. Reverse primers were labelled for use in CEQ 8000 sequencer (BECKMAN COULTER CO., Pasadena, CA, USA). For EST-SSR analysis, amplification was performed in a total volume of 25 µL including 30 ng of total genomic DNA, according to the Qiagen Multiplex PCR Master Mix instructions, which were used in the preparation of the multiplexes for all samples, RNase free water and Primer Mixes. 1 Rungis et al. [16] . 2 Fluch et al. [20] .
PCR amplifications were performed in a Biometra Professional Termocycler (Analytik Jena, Jena, Germany) as follows: an initial step of 15 min at 95 • C, followed by 30 cycles, each one including 30 s at 94 • C for denaturation, 90 s at 53/55/62 • C (depending on the multiplex set used) for annealing, and 30 s at 72 • C for elongation. A 30-min step at 72 • C was programmed as a final extension. PCR reactions were prepared according to manufacturer's instructions for CEQ 8000 sequencer and results were analyzed using the accompanying software.
Data Analysis
EST-SSR Variation and Genetic Diversity within Populations
Effective numbers of alleles (N e ), observed heterozygosity (H o ), expected heterozygosity (H e ), and Shannon's Information Index (I) were calculated using PopGene32 [23] . Allelic richness (A R ) and private allelic richness (p AR ; alleles which are unique to a particular population), were calculated using the hierarchical rarefaction method available in HP-RARE [24] . The inbreeding coefficient (F is ) was calculated for each locus with FSTAT [25] . Allele frequency estimation and comparison between observed and Hardy-Weinberg expected heterozygote frequencies were computed using the maximum likelihood method described in Kalinowski and Taper [26] with ML-Null software for all loci. Presence of null alleles, long allele dropout, and scoring errors were tested with Micro-Checker [27] . Following null allele detection, F is , H o , and H e were also estimated after removing three loci (WS022.B15, WS0023.B03, and Pa51), where null allele frequency exceeded 8% [28, 29] .
In addition, conformance to the Hardy-Weinberg equilibrium was determined by assessing the significance of the F is values by means of Fisher's exact tests implemented in GENEPOP [30] with specified Markov chain parameters of 5000 dememorization steps, followed by 1000 batches of 5000 iterations per batch. The sequential Bonferroni correction was applied to obtain critical confidence limits for all multiple comparisons, with an initial probability p = 0.05.
Furthermore, we used the program Bottleneck v.1.2.02 [31] to test for recent population bottlenecks using the five loci. A Wilcoxon's sign rank test was used to compare expected heterozygosity from the Hardy-Weinberg equilibrium with predicted heterozygosity at mutation-drift equilibrium, on the basis of the observed allele number [31] . The program was run under a two-phase model of mutation (TPM) and stepwise mutation model (STM). We tested the significance levels using 10,000 simulation iterations.
Genetic Divergence between Populations
F st [32] was calculated in order to estimate what proportion of the total genetic variation was the result of differentiation between populations using SpaGeDi v.1.4 [33] . A total of 10,000 randomizations were used to determine the statistical significance of the estimates; means and significant values over loci, populations, and subdivisions were obtained by bootstrapping, and Bonferroni's corrections were applied to adjust critical values in case of multiple comparisons.
Genotypic disequilibrium between all pairs of loci was tested with GENEPOP, and Bonferroni correction was applied. Analysis of molecular variance (AMOVA [34, 35] ), which is the hierarchical distribution of genetic variation among and within populations for the five markers, was assessed with GenAlEx 6 software [36] . The tests were implemented using estimates of Φ ST based on distances calculated from allelic data. Tests of significance were performed using 9999 permutations within the total dataset. Estimation of number of migrants (Nm) based on the private allele method was also implemented in GENEPOP [30] .
Unbiased genetic distances and their significance among populations were estimated according to Nei [37] by using SpaGeDi [33] . The relationships among populations were investigated using an unweighted pair group method using arithmetic means (UPGMA) dendrograms based on Nei's [37] genetic distances using POPTREE2 [38] , and bootstrapping (number of replicates: 1000) was also implemented.
A model-based Bayesian clustering method was applied to the data to infer genetic structure and define the number of clusters (gene pools) in the dataset using the software STRUCTURE, version 2.3.2 [39] . Data was explored using the admixture model and sampling locations as priors, which are considered most appropriate for detecting structure among populations that are likely to be similar due to migration or shared ancestry [40] . Parameters were set as follows: 10 replicates of each simulation from K = 1 to K = 5 with a burn in of 100,000 steps followed by 10,000 Markov chain-Monte Carlo iterations. In order to estimate the best number of distinct clusters and to average the results of the replicated runs, CLUMPAK software [41] was used. A Mantel test based on 9999 permutations was performed for genetic (GD) and geographical distances (GGD) in GenAlEx, as it is the most commonly used method to evaluate the relationship between geographic distance and genetic divergence [42] .
Results
EST-SSR Variation and Genetic Diversity within Populations
A total of 113 alleles were observed across the eight loci studied in the 150 individuals ( Table 3 ). The number of alleles per locus (N a ) ranged from 2 (Pa51) to 29 (WS00111.K13), with an average value of 14.12 per locus.
Effective number of alleles (N e ) varied between 1.034 (Pa51) and 22.114 (WS00111.K13), with an average of 9.152 per locus. Average genetic diversity (H e ) within populations for all EST-SSR loci studied was 0.629. Shannon Information Index (I) ranged from 0.085 for Pa51 to 3.191 for WS00111.K13, with a mean value of 1.764.
The mean frequency of null alleles (f n ) was 0.154 and ranged from 0 for loci Ws0092.M15 and Pa44, to 0.782 for locus Pa51. Three loci (WS0022.B15, WS0023.B03, and Pa51) with null alleles frequency >8% were excluded from all subsequent analysis. F is ranged from −0.050 (Pa51) to 0.365 (WS0023.B03), with an average value of 0.067 alleles per locus. Genetic differentiation (F st ) of individual loci varied in the range between 0.000 (WS0092.M15, WS0073.H08, Pa44, and Pa51) and 0.0016 (WS00716.F13), with an average value of 0.007 per single locus.
From Micro-checker ver.2.2.0.3 analysis, no evidence of large alleles dropout, scoring of stutter peaks, and not amplified values was found for any locus. According to Hardy-Weinberg equilibrium, homozygote excess was indicated for locus WS0023.B03 and significantly deviated from zero after Bonferroni correction for all populations.
Genotypic disequilibrium was analyzed for all pairs of EST-SSR markers for each population and across all populations. No significant departure from equilibrium at 5% was found. 
Genetic Variation within and between Populations
The number of effective alleles (N e ) varied between 6.46 in the population Kopaonik and 7.98 in population Golija, with an average of 6.97 effective alleles per individual population. The expected heterozygosity (H e ) was similar across the populations and ranged from 0.606 (Tara) to 0.635 (Golija), respectively. Allelic richness (A R ) ranged from 9.70 (Stara Planina) to 11.04 (Golija). Private allelic richness (p AR ) ranged from 0.13 (Kopaonik) to 0.72 (Zlatar) ( Table 4) . The genetic divergence between studied populations was examined by computing pairwise Nei's genetic distances and F st (Table 5 ). Nei's [37] unbiased genetic distances values ranged from 0.000 (Golija vs. Kopaonik) to 0.032 (Stara Planina vs. Zlatar). The overall level of genetic differentiation detected by FSTAT between the studied populations was low (F st = 0.007, p > 0.05). This is also confirmed by the results of the AMOVA, which showed that the majority of the variation was found within populations (99%), rather than among populations (1%) ( Table 6 ). The results of the Mantel test showed a lack of correlation between genetic divergence and geographic distances (R 2 = 0.0041; p = 0.059) among the studied populations, indicating no isolation by distance. The number of detected migrants between all populations after correction for size was five (Nm = 4.957). The results of Bayesian clustering revealed two Norway spruce gene pools in Serbia (Figure 2 ). Group I included populations from Kopaonik, Zlatar, and Golija, whereas Group II included populations Stara Planina and Tara. The overall level of genetic differentiation detected by FSTAT between the studied populations was low (Fst = 0.007, p > 0.05). This is also confirmed by the results of the AMOVA, which showed that the majority of the variation was found within populations (99%), rather than among populations (1%) ( Table 6 ). The results of the Mantel test showed a lack of correlation between genetic divergence and geographic distances (R 2 = 0.0041; p = 0.059) among the studied populations, indicating no isolation by distance. The number of detected migrants between all populations after correction for size was five (Nm = 4.957). The results of Bayesian clustering revealed two Norway spruce gene pools in Serbia (Figure 2 ). Group I included populations from Kopaonik, Zlatar, and Golija, whereas Group II included populations Stara Planina and Tara. The UPGMA dendrogram with bootstrap values was created to depict the genetic relationships among the studied populations (Figure 3) . The populations were clustered into three groups. Group I consisted of three populations-Zlatar and Golija, which are the most similar ones, and Kopaonik, which is very close both geographically and genetically to the previously mentioned populations. The westernmost population, Tara, belonged to Group II, whereas Group III included the population Stara Planina, located on the south-east of Serbia. This last group is the most differentiated from the group Zlatar-Golija-Kopaonik. The UPGMA dendrogram with bootstrap values was created to depict the genetic relationships among the studied populations (Figure 3) . The populations were clustered into three groups. Group I consisted of three populations-Zlatar and Golija, which are the most similar ones, and Kopaonik, which is very close both geographically and genetically to the previously mentioned populations. The westernmost population, Tara, belonged to Group II, whereas Group III included the population Stara Planina, located on the south-east of Serbia. This last group is the most differentiated from the group Zlatar-Golija-Kopaonik. The two-phase mutation and stepwise mutation models under Wilcoxon sign-rank test and shift mode test were performed to identify recent bottleneck in the studied Norway spruce populations. The heterozygosity excess values were not significant (p < 0.05) under all the models in all the populations (Table 7) . 
Discussion
Nuclear microsatellites have been extensively employed in studying genetic variation of coniferous tree species [12, [43] [44] [45] [46] . In the present study, genetic variation within and between populations and their genetic structure were analyzed in five natural populations of Norway spruce from Serbia, using eight EST-SSR markers. The study aimed at making recommendations concerning the future conservation strategies of the species genetic resources at the Southern European distribution margin. We found that the number of alleles ranged between 2 (locus Pa51) and 29 (locus WS00111.K13). Interestingly, the number of alleles for the latter EST-SSR locus was high, but similar results have been reported by other authors for the same locus; e.g., Máchová et al. [47] found 34 alleles per population on the same locus, whereas Unger et al. [48] and Cvjetković et al. [49] reported 28 and 20 alleles per population on this locus, respectively.
Norway spruce is known as a species characterized by high level of heterozygosity, as well as low level of populations' genetic differentiation even at a large scale [50] . We observed higher expected heterozygosity across Serbian Norway spruce populations than previously reported using the same EST-SSR markers. Indeed, a slightly higher mean He per population, but not with a statistically significant difference, was detected by our study in comparison to populations from Bosnia and Herzegovina, considering seven mutual loci (WS00716.F13, WS0092.M15, WS0022.B15, WS0073.H08, WS00111.K13, WS0023.B03, Pa44) (0.71 vs. 0.68) [49] . Furthermore, mean He across five The two-phase mutation and stepwise mutation models under Wilcoxon sign-rank test and shift mode test were performed to identify recent bottleneck in the studied Norway spruce populations. The heterozygosity excess values were not significant (p < 0.05) under all the models in all the populations (Table 7) . 
Norway spruce is known as a species characterized by high level of heterozygosity, as well as low level of populations' genetic differentiation even at a large scale [50] . We observed higher expected heterozygosity across Serbian Norway spruce populations than previously reported using the same EST-SSR markers. Indeed, a slightly higher mean H e per population, but not with a statistically significant difference, was detected by our study in comparison to populations from Bosnia and Herzegovina, considering seven mutual loci (WS00716.F13, WS0092.M15, WS0022.B15, WS0073.H08, WS00111.K13, WS0023.B03, Pa44) (0.71 vs. 0.68) [49] . Furthermore, mean H e across five common loci (WS00716.F13, WS0022.B15, WS0073.H08, WS00111.K13, WS0023.B03) was slightly higher (0.89) in Serbian populations in comparison to those observed in Tyrol (0.87) and the Czech republic (0.86) [47, 48] . Numerous studies using SSRs evidenced that geographically widespread tree species showed significantly higher intra-population genetic diversity than variation among populations (e.g., [51, 52] ). Also here, the major proportion of gene diversity was harbored within populations, with only minor share partitioning among them. Likewise, a very low overall genetic differentiation among studied Norway spruce populations in Serbia was detected (0.007). The observed value of F st was lower than it was previously reported for this species using genomic SSR (F st = 0.050, [44] ; F st = 0.088, [53] ; F st = 0.029, [43] ), EST-SSRs (F st = 0.026, [49] ), and a combination of genomic and EST-SSR markers (F st = 0.011, [47] ). On the other hand, genetic differentiation among Serbian populations was higher than Unger et al. [48] reported for three Tyrol populations (F st = 0.002) using EST-SSR markers and Westergren et al. [46] for Slovenian core and marginal populations (F st = 0.002), using genomic SSRs. Furthermore, the results of the Mantel test showed that genetic divergence was not correlated to geographic distances among the populations indicating that isolation by distance did not shape present genetic variability of Norway spruce in Serbia. Generally, marginal populations tend to show higher genetic differentiation than populations from the center of the distribution range for the same species as reported by Petit et al. [54] . Indeed, Pandey and Rajora [55] found that peripheral populations of Thuja occidentalis were more genetically differentiated than the central populations. Likewise, Ganopoulos et al. [56] found higher differentiation of Greek wild cherry rear-edge populations compared to central populations from Western Europe. However, results also depend on the type of genetic markers used and the number of loci.
The STRUCTURE analysis revealed that, despite the large geographic distance, the population Tara (Dinaric Alps) showed higher similarity with the population Stara Planina, which is situated in eastern Serbia (Balkan Mountain Range), rather than with the geographically closer populations Golija, Zlatar, and Kopaonik (Dinaric Alps). The same pattern was observed for K = 3, 4, and 5, while a slight variation in membership proportions of individual clusters between Tara and Stara Planina was seen. However, their similarity was higher compared to other populations (results not shown). According to F st , the population Stara Planina significantly differentiates from populations Golija, Zlatar, and Kopaonik, while it was only marginally differentiated from population Tara (p = 0.053), in accordance with the STRUCTURE results. In the UPGMA dendrogram, the four populations belonging to the Dinaric Alps mountain chain, displayed a tendency to cluster together; populations Golija and Zlatar, which are geographically the closest ones and belong to the same range continuum (with the absence of a physical barrier between them), formed a genetic cluster together with the population Kopaonik, which grows on the outskirts of the Dinarides, thus representing a transition between the Dinaric Alps mountain chain and the Rhodope Mountains. Populations Tara (which is located westernmost) and Stara Planina (which belongs to the mesic phytogeographic region, whereas the remaining four populations belong to the Illyrian-mesic phytogeographic region) were clearly separated in the dendrogram from the other populations. Differentiation of population Tara may be the consequence of a climatic historical event that has occurred in this area. Tara Mountain is the natural habitat of the Tertiary relic species, the Serbian spruce (Picea omorica (Pančić) Purk.), which spanned across a wide area in the past but survived the last glacial maximum in the refugia located at Tara. Moreover, EST-SSRs are potentially subjected to the effects of natural selection constrains, therefore being directly associated with coding genes [16, 47] . For example, EST-SSR loci WS0073.H08 and WS00716.F13, which were used in this study, were described to match remorin 1 protein and β-glucosidase protein, respectively [16] . According to Checker and Khurana [57] , remorin 1 is involved in hormone-mediated responses and signal transduction pathways in response to various abiotic stresses and plant development. Similarly, the β-glucosidase protein has a wide range of functions, including roles in defense, recycling of cell-wall oligosaccharides, phytohormone signaling, secondary metabolism, and scent release, among others [58] . Therefore, populations Stara Planina and Tara may have been separated due to different selection pressures influenced by specific climatic conditions that induced biotic and abiotic stressors in comparison to the remaining three populations; i.e., the drier continental climate at the Balkan Mountain Range and the oceanic mesoclimate, with cold winter temperatures and heavy snow followed by hot dry summers, at Tara Mountain.
A low level of overall genetic differentiation found between three out of the five of the studied populations (supported by F st , UPGMA, and Structure analysis) may result from combined effect of different factors, such as outcrossing rate, reproductive system, and high rate of pollen-mediated gene flow in this species [45] . Namely, due to low average pollen grain weight and low sedimentation velocity [48] , pollen from coniferous tree species can travel tens or hundreds of kilometers, providing gene flow across a wide distribution area [50] . For example, studying the recent Norway spruce colonization process of the treeline area in the Eastern Alps, Piotti et al. [59] revealed that due to intensive gene flow from outside, only 11.1% of the juveniles originated exclusively from local parents. The high rate of gene flow among the studied populations was also confirmed by the high number of migrants (Nm = 4.96), which reduces genetic differentiation among populations [60, 61] .
The investigated populations were characterized by low genetic differentiation; no evidence of recent bottlenecks was found. This implies the absence of earlier drift and is therefore likely in agreement with the low differentiation observed. A low level of genetic differentiation among populations of Norway spruce is common even across an extended geographical range. Indeed, Tollefsrud et al. [62] reported a low genetic differentiation (F st = 0.029) among 37 populations (1715 trees) covering a large continuum over Northern Europe, Baltic countries and Russia.
Conservation of Norway Spruce Forest Genetic Resources in Serbia
The information on genetic variation and genetic structure of Norway spruce populations in Serbia can provide a basis for the implementation of programs for conservation and utilization of spruce genetic resources in the future. Our research revealed that Norway spruce populations in Serbia are characterized by high genetic diversity (i.e., expected heterozygosity). Reed and Frankham [63] documented a strong positive correlation between heterozygosity and population fitness, which is important for the long-term adaptation of populations to novel environmental conditions. Besides heterozygosity, certain authors identified allelic richness as a more suitable parameter for conservation purposes [52, 64, 65] . Discussing selection of candidate populations for conservation based on molecular marker studies, Petit et al. [54] stated that allelic richness should get priority over heterozygosity because it is highly dependent on effective population size and provides better information concerning past evolutionary history. Likewise, allelic resources are crucial for population persistence and adaptation to altered selection pressures [13] . Our results showed that A R was similar across studied populations and ranged between 9.70 (Stara Planina) and 11.04 (Golija). The higher A R observed in population Golija compared to population Stara Planina might be due to larger population sizes. To our best knowledge, no previous study examined allelic richness (A R ) or private allelic richness (p AR ) in Norway spruce using EST-SSRs, thus we are unable to compare our results with any previously reported. Nevertheless, numerous studies documented a high correlation between population size and allelic richness in certain woody and herbaceous species [66] [67] [68] .
Concerning the in situ conservation of Norway spruce in Serbia, a number of primarily protected areas have been established so far, as large parts of spruce forests in Serbia are situated within the territories of the Tara and Kopaonik National Parks. However, at the European level, only one population from Serbia (Zlatar) is included into the European conservation network of gene conservation units (GCUs) within the EUFORGEN program. Taking into account the results from our analysis, at least one more GCU should be established, covering the population Stara Planina and, if possible, also Tara Mountain. Likewise, taking into account EUFORGEN's recommendation that at least one conservation unit per country for each environmental zone should be identified [69] , the establishing of aforementioned GCUs would perfectly fit this objective (i.e., one GCU would exist across all environmental zones occurring in Serbia).
While some authors believe that in situ conservation can be efficiently done in protected areas [22] , previous experience from Serbia showed that this approach should be taken with caution. Studying Norway spruce dieback across several sites located at the Kopaonik National Park, Matović et al. [70] reported highest mortality in the dimensional and age homogenous even-aged spruce stands among which the nature reserve stands predominated. Likewise, Griess et al. [71] reported that spruce monocultures show lower resistance to different ecological disturbances such as drought, wind throws, insect calamities, etc. For that reason, Matović et al. [70] recommended avoiding the creation of nature reserves in pure stands of ecologically unstable Norway spruce, especially when the age and dimensional structural diversity are poorly expressed. On the other hand, active management, including establishment of seed stands, as well as promotion of natural regeneration, may prevent a decrease of population sizes and loss of genetic variability, thereby ensuring long-term conservation of forest genetic resources [72] . Nevertheless, because of the disjunct natural range of Norway spruce in Serbia, the establishment of small gene reserve forests is justified in parts where the species occurs on small areas and these stands could potentially add value to the network, i.e., in the form of new allelic variants. In other parts of the distribution range, larger units should be founded in order to cover spatial genetic variation of the species [73] .
Conclusions
In the present study, eight EST-SSR markers were employed to estimate genetic diversity within and among five natural populations of Norway spruce in Serbia (i.e., populations situated at the southern edge of the species distribution range). The results showed slightly higher gene diversity across common loci than was previously reported in the available literature. Neither recent bottleneck effect nor correlation between genetic divergence and geographic distances (isolation by distance) were evident in the studied populations.
Considering the results, we suggest a conservation strategy based on the establishment of additional in situ GCUs across the distribution range in Serbia to cover the spatial genetic variability of the species. As the differentiation between populations is low, the results of this study should be interpreted with caution. Still, we suggest designating two additional GCUs as a precaution. In particular, we suggest establishing one more covering the genetic variability of population Stara Planina, in addition to the already established GCU, Zlatar. We also suggest establishing a second GCU in location Tara, as it presents a unique combination of genepool and ecological conditions compared to Zlatar and Stara Planina.
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